Chitosan/coconut (CTS/coconut) composite membranes were successfully prepared by the cross-linking reaction with glutaraldehyde and they were applied in eliminating heavy metals from aqueous solutions. The cross-linked membranes were obtained at the ratios of 1/1, 1/1.5 and 1/2 and the coconut fiber was chemically treated by NaOCl/NaOH. The best ratio of CTS/coconut fiber is found to be 1/1.5 which has a relatively high stability with the degree of swelling (DS) and solvent content (SC) of membrane to be 13.33% and 69.88%, respectively. The results also indicate that the CTS membranes showed preferential separation of heavy metals for blend CTS/coconut membranes.
tion process very simple, effective and versatile has become one of the most appropriate techniques, but this method has disadvantages such as small capacity, high cost, difficulty for large-scale application, etc. In 2011, a report showed the removal of some heavy metals Cu(II), Cd(II), Mn(II), Pb(II), As(III) and As(V) from aqueous solution using adsorption and nano-filtration membrane techniques [4] [5] [6] . The adsorbents may be made of mineral, organic or biological origin: activated carbons, zeolites, clay, silica beads, low-cost adsorbents (industrial by-products, agricultural wastes, biomass) and polymeric materials (organic polymeric resins, macroporous hyper crosslinked polymers) are significant examples [7] [8] [9] . In addition, as biopolymers are being used, Chitosan (CTS) is a material that can be found in crustacean shells, which is usually wasted by seafood industries. Therefore, as a suitable biopolymer, their applications for blended and composite membranes have been reported. It is known that CTS is a cyclo-aliphatic polymer that contains both active amino groups and hydroxyl groups. By using CTS cross-linked membranes by several chemicals such as glutaraldehyde, formaldehyde, sulfuric acid, therefore, the CTS/coconut membranes PV performance for elimination of heavy metals for water was investigated [10] [11] [12] .
Experiments

Chemicals and Reagents
Crab shells were purchased from Vung Tau City, Vietnam and coconut fiber was collected in Wood production Company, Binh Dinh Province, Vietnam. Hydrochloric acid, Sodium hydrocid, Sodium hydroxide, Ethanol and Acetic acid were purchased from China. Solutions of Cd (II), Cr (VI) ions were prepared by dissolving weighed quantities of 3CdSO 4 •8H 2 O (China), K 2 Cr 2 O 7 (Merck, Germany). All chemicals were of analytical reagent grade. Deionizer water was used for dilutions and reagent preparations. Salt solutions containing heavy metals were prepared in the laboratory at specific concentrations.
Membrane Preparation
Preparation of Chitosan from Crab Shells
Crab shells were washed with water and dried in 8 hours at 105˚C and then cut into small scrabs. Extracting Chitosan from crab shells was in 5 steps namely: demineralization, deproteinization, decolorization 1 st , deacetylation and decolorization 2 nd . Crab shells were placed in flask and HCl solution was added in the ratio of (1:10) stirred for 12 hours for demineralization. After that, the deprote- was added NaOH 40 wt% to pH = 10 to be decolored again.
Preparation of Chitosan/Coconut Membrane Composite
The coconut fiber was washed with water then cut into (0.5 -1 cm). Coconut was stirred with NaOCl and NaOH for decolorization. The investigation was conducted in 4 steps as illustrated in Figure 1 . Figure 1 shows the CTS/coconut membranes composite preparation, the membranes were obtained as follows: Chitosan was dissolved in Acetic acid 2 wt%. Then, 100 mL Chitosan solution 2 wt% was mixed with coconut in other ratios and stirred for 24 hours. 10 mL Glutaraldehyde and 10 mL HCl 0.5 M were added to this solution as a crosslinking. After the process was finished, the homogeneous solution was poured into a flat glass plate and CTS/coconut membranes were formed after dried at room temperature for 24 hours. Three different membranes for the CTS/coconut mixtures were prepared as ratio of CTS/coconut fiber at 1/1; 1/1.5 and 1/2 (v/wt) respectively.
CTS/Coconut Membranes Composite Characterization
Scanning electron microscopy (SEM) was used to study the morphology of the cross-section of the CTS/coconut membranes composite (By JSM-5300L V (JEOL. Japan)). 
The Experiment of Heavy Metal Removal
The experiment was conducted to investigate the stability of heavy metal removal by CTS/coconut membranes composite. The membrane with the optimal ratio CTS/coconut fiber was chosen for this experiment.
As shown in Figure 2 , heavy metal solution was prepared with determined concentration of Cd (II) and Cr (VI). The filtration process was conducted by adding 40 mL heavy metal sample into the model. After that, turn on the pump to let the flow continue through CTS/coconut membranes composite in 1 hour (the pump was used with the lowest pressure). Output solution was placed in glass bottle and analyzed. 
Results and Discussion
CTS/Coconut Membranes
Characteristics of CTS/Coconut Membranes
As mentioned in the experimental section, membranes composite consisting of Figure 2 . Schematic of heavy metals removal by CTS/coconut model.
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CTS and coconut fiber were prepared with different ratio of CTS and coconut fiber at 1/1, 1/1.5 and 1/2. Each membrane was cross-linked by omiting Glutaraldehyde and Hydrochloric acid. In order to choose the optimal ratio CTS/coconut fiber, the solvent content (SC) and the degree of swelling (DS) were examined. Figure 4 shows the resultant SEM images of the CTS/coconut membranes. In Figure 5 shows the DS of CTS/coconut membranes composite increased in first hour and became stable after 2 hours. The DS of the membranes with ratio CTS/coconut fiber at 1/2 (11.67%) was lower than the ratios at 1/1 (15%) and 1/1.5 (13.33%). That was due to the stable linking of coconuts fiber in membrane make the CTS could not swell in water.
The solvent content (SC) reflects the ability to absorb water, which affects the stability of the membranes and the ability to process heavy metal ion in water.
Based on the graph (Figure 6 ), the solvent content (SC) of CTS/coconut membranes composite increased over time but predominantly in the first hour, then continued slowly in 24 hours. This might be explained by the solvent content of chitosan and coconut fiber in the membranes. The ratio CTS/coconut fiber at 1/1.5 (70%) was lower than the ratios CTS/coconut fiber at 1/1 (82%) and 1/2 (75%). Based on the solvent content (SC) and the degree of swelling (DS), the optimal ratio CTS/coconut fiber is 1/1.5 ratio. Figure 7 and Figure 8 show the results of the efficiency of the chromium removal and cadimium in single solutions and in the ternary system. As shown from these results, the chromium removal was higher than the cadimium removal in both systems.
The Experiment of Heavy Metal Removal
This result could be explained that the CTS/coconut membrane composite exists −NH 2 and −OH, which are capable of forming complex substances with heavy metals. The preference of heavy metals in complexing might be based on the HSAB theory (Pearson's classification). According to HSAB, the hard acid will link to hard bases. Besides, Chromium is a known hard acid and −OH as a hard base, in solution, −OH and Chromium created a strong bond and was preferred over −NH 2 with soft acid.
In addition, in a CTS/CF membrane, −NH 2 and −OH groups exist. These radicals are capable of complexing with heavy metals. The mechanism for complexing with metals is shown in Figure 9 . In addition, the relatively high metal content of the water combined with the hydrophilic nature of the membrane results in competition between metal ions and water molecules as they pass through the membrane, causing space constraints. When this occurs, metal ions don't bond with −NH 2 and −OH groups, resulting in poor separation efficiency. The interaction of metal ions such as Cr, Cd with the −NH 2 groups in polymer molecules can occur, and their resulting hydrated radiuses are large. This makes it more difficult for them to pass through the membrane than other ions. The diffusion of metal ions through the membrane is also affected by the distribution of the cellulose constituents in the coconut fiber network, the structural tightness, the size selection and the shape of structure, resulting in variable separation efficiencies seen in different metal.
In addition, the heavy metal removal efficiency might be explained by the hydrophilicity of the membranes. In solution, water molecules competed with heavy metal ions and reduced the potential for contact of the heavy metal ions with −OH and −NH 2 .
Conclusion
We have succeeded in synthesizing CTS/coconut membranes composite capable of treating some heavy metals in water of the optima; CTS/ coconut fiber ratio is 1/15. In addition, investigation of CTS/coconut membranes composite properties and the heavy metals removal showed that CTS/coconut membranes composite was the best treatment for Cr (VI) metal contaminated water.
